Résumé-On discute de l'état actuel de la microanalyse par rayons X, plus particulièrement de la précision et des limites de détection, des corrections dues aux superpositions de pics et de l'utilisation des détecteurs sans fenêtres.
Abstract-The current state of the art for x-ray microanalysis is discussed with particular reference to accuracy and limits of detection, corrections for peak overlap and use of "windowless" detectors .
It is now about ten years since reports appeared in the literature claiming that Si(Li) spectrometers (EDS) could be used for routine electron microprobe x-ray analysis giving results with accuracy comparable to those achieved using Bragg crystal spectrometers (WDS). EDS analysis is now an established technique for use with transmission electron microscopes where the x-ray yield is particularly low and although electron energy loss spectrometry (EELS) is finding increasing popularity, there is still no satisfactory alternative for general microanalysis of chemical composition. A recent review /l/ covers most aspects of the use of EDS in microanalysis and a later paper /2/ discusses prospects for improvement in this field* This paper will present specific examples to demonstrate results which are attainable with "state-of-the-art" equipment and show where WDS takes over as the more appropriate technique.
1.Spectrum processing The two dominant techniques for spectrum processing, namely background modelling with a function based on physical theory and digital filtering with least-squares peak fitting (FLS) have been discussed at length /l/. However, theoretical arguments for the validity of a given technique are no substitute for experimental evidence of its success in real applications. To this end it is important to test the overall EDS system. A simple, yet demanding, series of tests can be built around analyses of a known pure sample; if the EDS system is programmed to assay elements which are known not to exist in the sample, the results for these elements (which should be zero) give an indication of the reliability of spectrum processing /3,4/. Figure 1 shows the results of some tests on a specimen of pure silica. Spectra were analysed using a Link 860 EDS system using the ZAF4/FLS program which employs the filtering/ least-squares fitting technique and gives an estimate of statistical error which is valid provided there is no instrumental drift or sample-related systematic error. As shown in fig.l , the means for both Al and P show no significant bias, the minimum and maximum results fall within +/-3 standard deviations of the true value and the standard deviation estimated by calculation from the results is close to the value predicted by the FLS program which includes contributions associated with background and peak overlap /5/. In this example , it is important to have verified that spurious concentrations of elements are not detected at the 3-sigma confidence level.
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EOS analysis of PbS using ZAF4/FLS: 
Analysis of light elements
Analysis with EDS has If quantitative analysis is required for light elements, there are severe problems to be solved associated with specimen preparation to produce a flat surface, coating to reduce specimen charging and calculation of a realistic specimen-absorption correction which are discussed elsewhere /a/.
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Detection limits
The case is frequently made that it is very difficult to define detection limits because they depend on so many factors. Though this is correct, it is also unsatisfactory to dismiss the topic because some guidelines have to be established to define when the technique should and should not be applied. Figure 4 shows a graph of detection limits attainable for EDS with and without a Be detector window and this must be qualified carefully before the results are used. A detection limit value must always be calculated with reference to the exact spectrum processing technique that will be used to establish the presence or absence of a peak /9/ so fig.4 shows a formula which assumes a very simple background subtraction making use of windows either side of the peak window. Since count rate, beam current and counting time are all significant, these results pertain to a configuration which gives about 100.000 counts in the Co peak when a pure Co specimen is used.Though the boron result has been demonstrated previously /2/ and the beryllium value has only recently been obtained, these are not typical but most windowless detectors should give equivalent performance for elements carbon and beyond. Peak overlap will result in higher values and sample matrix has an effect but the general conclusion is that for the majority of elements of common interest, detection limits are around 0.1 weight X . The term "detection limit" is somewhat misleading /9/ but may be used to indicate a level of concentration where the EDS technique gives a completely unreliable result. 
Rough surfaces and particles
An EDS system accumulates data from all x-ray energies sirnultaneowly and as the detector is non-focussing, spectra can be acquired from both rough surfaces and particles.
In order to minimise the errors resulting from imprecise specimen geometry, sample size and shape, the "peak-to-background" (P/B) method was introduced for such samples. The technique has been put into context with other methods for particle analysis by Small /lo/ and spectrum processing methods and applications to analysis of rough surfaces have been discussed by this author /11/. Figure 5 shows some results obtained on glass particle samples obtained from the National Bureau of Standards and analysed with a 20 kV beam using the Link ZAF/PB program which employs published spectrum processing and calculation procedures /11,12/. As the K1727 results show, the P/B technique may give results which, for larger particles, can be achieved by simply normalising the results of conventional ZAF analysis. However, in terms of absolute results, ZAF/PB gives totals and results which spread over a much narrower range than with standard analysis. The K411 result exemplifies the performance on small particles where the mass effect gives a low total for conventional ZAP. Whereas the the ZAF/PB results are generally better, the Fe value is distinctly high and refinements may be required to the P/B method to handle very small particles /lo/. 
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JOURNAL DE PHYSIQUE In the experiment, ten points were analysed for 200 seconds at each point. In the first run, only EDS was used but in the second run, counts for 100 seconds were taken by WDS on the Mn and Ni peaks whilst EDS acquisition was in progress. With EDS only, the results for Mg, Si and Fe were correct but Mn and Ni values were sometimes below the 3-sigma detection limit. With EDS and WDS, the average values for Mn and Ni, 0.23% and 0.37% were close to the expected values for these elements.
